Introduction
cytokines are potent immunomodulatory molecules that act as mediators of inflammation and the immune response. They are secreted primarily by t cells and macrophages and affect cellular activation, differentiation, and function. cytokine production is under genetic control. this was demonstrated by the identification of polymorphisms in cytokine gene regulatory regions correlating with intra-individual variations in cytokine production. the gene sequence can be associated with cytokine phenotype, i.e. individuals homozygous for the "high-producer allele" are the highest producers of the cytokine (7), homozygotes for the "low-producer allele" are the lowest cytokine producers, and those who are heterozygous, having inherited one low-producer allele and one high-producer allele, are intermediate cytokine producers. As all of the cytokines are independently regulated, each person could be viewed as a mosaic of high and low cytokine-producing genes. cytokine polymorphisms are considered to be involved in a number of conditions, such as inflammatory bowel disease, systemic lupus erythematosus, rheumatoid arthritis, juvenile arthritis, atopic asthma, psoriasis, diabetes, and coronary heart disease (2, 4, 15, 16) .
interleukin-18 (il-18) is an 18-kDa pleiotropic cytokine involved in the regulation of innate and acquired immune response and plays a key role in autoimmune and inflammatory diseases (12, 13). il-18 was discovered as a strong iFninducing factor produced by macrophages and dendritic cells. IL-18 is the first cytokine demonstrated to activate T cells to produce abundant interferon-gamma (IFN-γ) without the engagement of t-cell receptors (14, 18) . this cytokine plays a role in the host defense against th1 cell-sensitive pathogens and inflammatory diseases associated with Th1 cells (6) . the functional il-18 glycoprotein is derived from its 23-kDa precursor, pro-il-18, following enzymatic cleavage by caspase 1. Pro-il-18 is commonly expressed in a range of cell types, including monocytes, macrophages, dendritic cells, keratinocytes, articular chondrocytes, synovial fibroblasts, and osteoclasts (11) .
Recently it was shown that il-18 expression is regulated by the IL18 gene promoter. two single-nucleotide polymorphisms at positions -607 (rs1946518:A>c) and -137 (rs187238:G>c) in the promoter region were found to be associated with IL18 gene promoter transcriptional activity (5) . low promoter activity was observed for the A and c alleles at positions -607 and -137, respectively, while higher promoter activity was observed for the c and G alleles in those positions. the aim of the present study was to examine the association between five polymorphisms in IL18 (rs1946518:A>c, rs187238:G>c, rs360722:c>t, rs360721:c>G, and rs5744292:A>G) and the release of il-18 from stimulated peripheral blood mononuclear cells.
Materials and Methods

Study subjects
Sixty-two healthy volunteers were enrolled in the study after submission of their written informed consent. were caucasian and from the Pomeranian region of Poland. the study was approved by the local ethics committee.
Cell preparation
Mononuclear cells were isolated from the peripheral blood of 62 healthy subjects using the Ficoll-Paque procedure. Following separation, the cells were washed twice in saline and once in PBS and then suspended in enriched RPMi at a concentration of 2 × 10 6 /2 ml. the cells were stimulated by adding PhA 20 µg/ml, lPS 40 ng/ml, or 40 ng/ml anti-cD3/ cD28 antibodies for 48-h incubation periods and incubated at 37 °c in 5% co 2 . the concentrations of il-18 in the supernatants were determined by eliSA (MBl, Medical & Biological laboratories co, ltD, Japan).
Genotyping
Genomic DnA was extracted from 450 µl of whole-blood samples using an inorganic and non-enzymatic extraction method. The subjects were genotyped for the presence of five SnPs in the IL18 gene: rs1946518:A>c and rs187238:G>c in the promoter region, rs360722:c>t and rs360721:c>G in intron 1, and rs5744292:A>G in exon 6 (3'-UtR). the SnPs rs1946518:A>c and rs187238:G>c were analyzed using an allele-specific amplification (ASA) method as described by Kretowski (8) . For detection of the remaining SnPs, PcRRFlP methods were applied based on those described by Kruse et al. (9) for rs360722:c>t, and rs360721:c>G (one primer of each pair was redesigned to allow visualization in agarose gels) or a newly developed method for rs5744292:A>G. in brief, the amplification reaction was performed in a total volume of 15 μL (primer sequences, PCR conditions, and restriction patterns are given in Table 1 . the PcR program consisted of 32 cycles. The amplification reaction was followed by overnight digestion of the PCR product with the specific restriction enzyme. The restriction fragments were subsequently analyzed in 3.5% agarose gel stained with ethidium bromide.
Statistical analysis
Since the distribution of il-18 concentrations were different from normal (Shapiro-Wilk test), they were compared between genotype groups with the Kruskal-Wallis test.
Results and Discussion
In the present study we examined the effect of five polymorphisms in the IL18 gene (rs1946518, rs187238, rs360722, rs360721, and rs5744292) on the release of il-18 in in vitro stimulated peripheral blood mononuclear cells. the distribution of the IL18 genotypes is presented in Table  2 . the cells were stimulated with three different stimulators: phytohemagglutinin, lipopolysaccharide, and anti-cD3/cD28 antibodies. the concentrations of il-18 were measured after 48-h incubation in culture supernatants by eliSA assay. these concentrations were compared with the particular IL18 genotypes ( Table 3) .
Analyzing the polymorphism rs1946518:A>c, increased il-18 concentrations were detected in cultures from subjects carrying the c allele in both unstimulated and stimulated cells. Similar differences were observed in cultures stimulated with the three different stimulators. the most enhanced differences were observed in cultures stimulated with anti-cD3/cD28 antibodies. nevertheless, these differences did not reach increased transcription activity was observed in stimulated c and G alleles (SnPs rs1946518 and rs187238, respectively). these authors also studied the expression of il-18 mRnA in association with these variants. the mRnA expression was increased in peripheral blood mononuclear cells from subjects with the c (rs1946518) and G (rs187238) alleles. however, the differences did not reach statistical significance. With regard to the polymorphisms rs360722 and rs360721, increased release of il-18 was observed in cultures from subjects carrying the c allele. Although the differences were not statistically significant, this trend was observed in cultures stimulated with the three different stimulators. Regarding the rs5744292:A>G SnP, increased concentrations of il-18 were observed in subjects with the A allele (particularly in AG heterozygotes). however, the differences were not statistically significant.
in the present study, polymorphisms in the IL18 gene correlated with the concentrations of il-18 protein in cell cultures. Although the differences between the particular genotypes did not reach statistical significance, it is worth noting that similar associations and trends were observed in cultures stimulated with three different stimulators (PhA, LPS, anti-CD3/CD28 antibodies). This finding suggests that the above associations may not be accidental. (17) examined five IL18 SnPs (rs1946519:G>t, rs360717:c>t, rs549908:A>c, rs5744292:A>G, rs4937100:t>c) in 1288 patients with coronary artery disease. of these SnPs, rs5744292:A>G (described there as A+183G in exon 6 was found to be significantly associated with IL-18 serum levels: a variant G allele as well as a G allele-containing haplotype were associated with a decrease in il-18 levels. Similarly, we observed higher concentrations of il-18 in A allele carriers. (3) investigated the association between the circulating il-18 serum levels and rs187238:G>c SnP (described there as -137G>c) within the IL18 gene in black South African women with cardiovascular disease and revealed that il-18 levels were not associated with IL18 genotypes. in a study by Zhou et al. (19) , genotyping for three SnPs: rs1946519:G>t, rs1946518:A>c, and rs187238:G>c (described there as -656G>t, -607c>A, and -137G>c), in the IL18 promoter was performed in 161 patients with sarcoidosis and 176 healthy controls. Promoter activities were examined by a dual luciferase assay system in the cell line thP-1. the polymorphisms rs1946519:G>t and rs1946518:A>c were significantly associated with serum levels of IL-18 in the patients with sarcoidosis, but not in controls. the authors of another study investigated the functional activity of the IL18 polymorphisms rs187238:G>c, rs360718:t>G, and rs360717:c>t (described there as -137G>c, +113t>G, and +127c>t) using a reporter gene assay in hepG2 cultured cells transfected with the IL18 promoter sequence from subjects carrying the wild-type (G_t_c) or mutated (c_G_t) haplotype (10) . Transcriptional activities were significantly increased in cells containing the wild-type IL18 genotype (rs187238 G, rs360718 t, and rs360717 c), which is in concordance with our results in relation to rs187238:G>c polymorphism.
Arimitsu et al. (1) analyzed the relationship of il-18 gene polymorphisms (rs187238:G>c and rs549908:A/c described as -137G/c and 105A/c) to il-18 production capability by monocytes. the produced il-18 spontaneously or in response to stimulators by monocytes was significantly higher for volunteers with 105A/A genotype than with 105A/c genotype. Similarly, the capability of monocytes from volunteers with -37G/G genotype to produce IL-18 was significantly higher compared to that observed in subjects with -137G/c genotype and significant linkage disequilibrium was shown between these polymorphisms.
Conclusions
the results of the present study showed associations between IL18 gene polymorphisms and il-18 production in stimulated peripheral blood mononuclear cells. however, these associations did not reach statistical significance. Earlier studies on transfected cells revealed that some polymorphisms may be associated with altered transcriptional activity or protein production. however, each subject is the carrier of various polymorphisms in the IL18 gene, often exerting opposed effects on il-18 protein production. il-18 production is the mean of the influence of various polymorphisms. Therefore the functional significance of these polymorphisms in vivo may not be consistent with experimental studies due to different combinations of particular SnPs in various subjects.
